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This report describes the numerical solution of the following problem. 
A cylindrical liner, surrounded by an explosive ring, bounds a magnetic field. 
This field exerts a pressure on the internal wall of the liner, while the diffusion 
of the field on the interior of the liner is neglected. A detonation front, 
started on the external side of the explosive ring, reaches the liner and pushes 
it concentrically towards the axis. First the propagation of the detonation 
front and the state of the gas behind it is computed. Afterwards the interaction 
liner-gas is treated. The computation is carried out under the hypothesis of 
axial symmetry. 
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1 o Introduction 
We consider the following problem: 
Given a cylindrical liner surrounded by a ring of explosive. 
The internal wall of the liner is subject to a pressure: 
,2 
5L 
8π 
* (OM xJTtT 1 
ΧΛ being the internal radius of the liner. This pressure is due 
to a magnetic field bounded by the liner. It is assumed that 
the diffusion of the magnetic field in the liner is negligible. 
At a given instant a detonation is initiated on the external 
wall of the explosive. The detonation wave reaches the liner 
and compresses it. The liner moves concentrically towards the 
axis. The pressure on the internal wall of the liner increases 
first slowly and afterwards very rapidly so that the liner is 
strongly decelerated. Because the pressure in the interior of 
the liner has very high values, the liner is treated as an 
ordinary hydrodynamic medium. 
The problem can be considered also with slab symmetry. 
The pressure on the wall is then: 
!a Γ A ( 0 )f - 1 
A detailed description and analysis of this problem is 
carried out in (7) of bibliography. The aim of this report 
is the description of the method used to solve numerically 
the problem. 
This problem has been studied on behalf of the Euratom 
Group on Fusion (Frascati, Roma). 
2. The two phases of the problem 
We can distinguish two phases in the problem: 
a) The detonation propagates in the explosive and at a certain 
instant t reaches the external wall of the liner. 
(*) Manuscript received on January 2^, I967. 
b) For t > t a shock wave propagates in the liner and in the 
detonation gas. The liner moves towards the center and the 
shock wave in the liner reflects successively between the 
liner's walls. 
The propagation of a detonation wave in an homogeneous 
medium at rest has been studied by Taylor, Zeldovich, Stanyukovich 
and other authors. In the slab case the Chapman-Jouguet hypothesis 
holds, as a consequence of which the front velocity is constant, 
the value of u, ρ, ρ on the front is constant and the flow behind 
the front is defined by a simple rarefaction wave centered in 
the origin of the detonation (Taylor's wave). 
In the cylindrical or spherical case Zeldovich has shown 
that the Chapman-Jouguet hypothesis holds good only at the 
beginning of the detonation and the pressure on the front 
increases as the front approaches the axis or respectively the 
center. 
To treat numerically the detonation in the cylindrical or 
spherical case, the solution is approximated for a short time 
with the corresponding slab solution. The solution is then 
continued by means of a implicit finite difference scheme. 
The instant when the detonation wave reaches the liner 
is taken as the initial time of the second phase of the problem. 
In this phase two hydrodynamic media with given initial states 
are in contact. This phase is followed by means of an explicit 
lagrangean scheme. 
3. Detonation phase 
We have the usual symbols: 
t time 
h lagrangean coordinate 
X eulerian " 
χ " " at initial time 
u velocity 
ρ density 
ρ pressure 
e specific internal energy 
c sound speed 
S entropy 
u ,ρ , ρ ,..· (uniform) velocity, density, pressure... 
of the unreacted explosive 
u,,p., p.,... values of u,p,p,... of the gas (reacted 
explosive) on the detonation front. 
D detonation front velocity. D < 0 since 
the detonation is convergent. 
u 0 = 0 
P 0 = 0 
ρ is set equal to zero, because it is negligible compared to p.. 
The relation between X and h is : 
h»1 1 fX(h,t) ν Χ Γ 
ρ(ξ^)ξνάξ + ^ - Γ (3.1) ^ 1 Po yX(0,t) w 1 
ν = 0,1,2 according to whether we consider slab, cylindrical 
or spherical geometry. 
x. and χ are respectively the internal and external 
radius of the ring of explosive. 
From (3.1) it follows that : 
h = χ = X(h, 0) 
With regard to the state equation of the detonation gas 
it is usually assumed that ρ is dependent only on ρ and not on S: 
ρ = p(p) 
This is equivalent to the hypothesis that the internal energy 
is separable: 
-.(D e(p, S) = e^'(p) + e^'(S) (2) 
The usual assumption is; 
Ρ = Ap' (3.2) 
Α, γ constants and γ = 3. 
The flow equations in lagrangean form are: 
ι = J- ÆV Po w x^  
X t = u 
u t = Α. (τ Po v h ■ h 
et = \ pt 
ρ = P(P) 
(3.3) 
As a consequence of the hypothesis that the energy is separable 
the first three equations do not depend on the fourth. We have 
then the system: 
ι _ J_ CL Ρ p0 vh 
Xt = u 
ρ = P(P) 
χ h 
= 2 ^ 
(3.U) 
i.d. we can determine the flow with regard to X, u, ρ, ρ 
independently from the energy equation. This equation can be 
taken into account if we are interested in the energy distribution, 
System (3·^ -) may be put into the equivalent form: 
with: 
1 
Ρ 
L t t 
* tø * > 
■ κ ©' [ & <] h ^ 
u = Χ, 
(3.5) 
Ρ = Ρ ( Ρ ) 
Κ = c 2 p 2 / p ^ 
In p a r t i c u l a r , i f 
then: 
Ρ 
Κ 
= Ap1 
= γρρ/ρ^ 
(3.6) 
System (3*5) must be solved in the region: 
Fig. 1 
A origin of the detonation 
AB front trajectory 
AC free trajectory of last particle 
In AC we have the condition: 
ρ = 0 
- 9 
This condition can be substituted with the equivalent condition: 
u = constant 
In fact, from : 
it follows 
and from : 
it follows 
ρ = 0 on AC 
c = 0 on AC 
H--i iff -S 
u. = 0 i.d. u = constant on AC 
Hence the particle trajectory AC is a straight line. In 
lagrangean coordinates the region in which the flow must be 
determined is : 
Figo 2 
In the region AMN the cylindrical or spherical solution is 
approximated with the slab solution. In the region BMNC the 
solution is computed by means of an implicite finite difference 
scheme. The initial data on MN are those provided by the slab 
approximation. 
10 
k» Taylor's wave 
In the slab case the flow of the detonation gas is isentropic. 
For this reason on the front we need only to consider the 
Rankine-Hugoniot relations for the conservation of mass and 
momentum : 
PoD = p^D-u.,) (4.1) 
PoD2 = p1 + p^D-u^ 2 (4.2) 
For a backward-facing detonation front the Chapman-Jouguet 
condition is: 
u1-c1 = D (4.3) 
and the front speed D is constant. The state equation of the 
detonation gas is: 
Ρ = Αρ γ γ = 3 (k-k) 
Hence : 
c 2 = Yp/p (ir .5) 
From (4 .2 ) and ( 4 . 3 ) i t f o l l ows : 
P0D2 = P1 + P ^ 2 
From this relation and from (¿+.5) it follows: 
Po1»' S, = -*π (U.6) 
From (Ud) and (4·2) it follows: 
P0D2 = p., + P0D(D-Ul ) 
i.d. p1 = poDu1 
11 
From this relation and from (1+.6) it follows 
1 γ+1 
From (I4..3) and (4·7): 
^ = i (U.7) 
c 1 = ^ (4.8) 
From (4.1) and (4°7) : 
«N ■ - ^ Po k·») 
and substituting (4«6) and (4*9) into: 
p/pf = A 
we obtain: 
_ j £ / J L V J-Y A = ^ T ^ ; P0- (4.10) 
In the slab case the flow behind the detonation front is 
defined by a simple rarefaction wave centered in the origin of 
the detonation (Taylor's wave). This wave is defined by the 
equations : 
X-xe = (u-c)t (4.11) 
2c. 
γ+1 " ~1 γ-1 u - f r = u i - ^ ^·12> 
The first equation is the equation of the C characteristics 
issuing from the origin of the detonation. 
The second equation means that the Riemann invariant R_ is 
constant in the region behind the front. 
The Taylor's wave is a complete wave since ρ = 0 on the 
h = h i.d. there it e 
expanding detonation gas, 
line is no external resistance to the 
12 
The escape velocity u is then: 
2c 
ue = u1 - T+1 
If we s u b s t i t u t e (4.7) and (4.8) for u. and c. in (4·11) and 
(4.12) we obta in: 
« = - ^ f (4.13) 
X ■ *e - B ± £ ^ f k * (4.14) 
Moreover, from: 
2 / Y-1 c = γρ/ρ = γΑρ1 
it follows: 
γΑ 
and 
The state behind the front is then completely defined if c 
is given as function of h, t. To do this we first remark that in 
the slab case: 
X(h,t) 
ρ h = / pdX + ρ χ. 
° ;x(o,t) ° x 
P^i^1 (4-15) 
and from this 
, X e ce P ° ( V h ) = Jx PdX = io P^dC 
c = 0 hence: e 
Po(he-h) = - yo p f d c (4.17) 
Differentiating (4*14) with respect to c we obtain: 
13 
M. - JCtl + 9c " γ-1 τ (4 .18) 
and s u b s t i t u t i n g (4 ·14) and (4«17) i n ( 4 · 1 6 ) : 
γ+1 
(h -h) = c^1 (éY' t ­o^"e YA; 
from which 
■E 
γ-1 ΡΛκ-h)- γ+1; ο ' e (YA) 
1 
Υ+1 
(4 .19) 
From (4°10) : 
(*)™ = |D( t*1 ^ Ρ-£Τ 
_ Jíz l _ JCJ. _ ΙΡΙΥ |τ>1 Υ+1 0 Υ+1 ~ γ+1 *υ} ρο 
S u b s t i t u t i n g t h i s e x p r e s s i o n i n t o (4o l8) we o b t a i n : 
c Y+1 ­Dt 
r-1 
Y+1 (4.20) 
5· Finite difference scheme 
Let us rewrite the flow equations for the gas: 
p - p0 W h 
Xtt = K(h H) xh Jh 
u = X, 
et = J? Pt 
(5.1) 
Ρ = Ap' 
V. Κ = Ypp/p2 
14 
2 
with A . ^Λ (_£-ƒ pi-Y (..J) 
and DQ initial velocity of the front. 
The energy equation has been added since in the second 
phase of the problem (liner-gas interaction) the momentum 
equation is no more independent from the energy equation. 
Hence, in the second phase we must consider the complete 
system (3*3)· However, in the detonation phase X,u, p,p are 
determined independently from e. 
System (5·1) is approximated with the following implicit 
scheme: 
■ÇH* - Po/[^X J ±^] ^ ■ S w ) V ] 
P j+l /2 = A ( p j + l / 2 N 
η η _ n j n 
Kn _ Y P.1­l/2 P.i­1/2 + P.i+l/2 p.i+l/2 
' 4 
xn+1­x* x^­x1?"1 A _ ­J a 
S (5.2) 
At At. 
η 
~ " — γ η η /Yn+l_yn+1u η /γη+ΐ_γη+1 Ν 
nzl_ = tf fh\v £*ΐ+ι/2(χ.ΐ+Γχΐ !JISbi¿2g3 ^Lírlí At + At ­ " j Ih. 
η n­1 \ o (Ah)
2 
+ ( ι . θ ) °?+ΐ/2^^ΓΧ^-^-ΐ/2(ΧΓΧ^-1 > 
(Ah)2 
vn+1 vn 
un+1 m X - i " X . i 
«* At 
η 
ρ/ n+1 η ·ν 
n+1 _ η ^ p j+ l /2 + p , j+ l /2 ; / n+1 _ η χ 
J+1/2 e j+l /2 /n+1 + η , ^pj+l/2 p j+ l /2 ; 
15 
This scheme is unconditionally stable if θ > 1/2. Advantage 
is taken of this fact in order to set up a point mesh with constant 
step Ah and variable step AtQ. 
I f 
and 
and 
t . - O 
*η = V i + Δ ΐ η-1 » A t o + A t1 + — + Atn-1 
is the front trajectory in the h,t coordinates the steps Atn 
are «hosen in such a way that 
w 
be always coincident with a value h. of the mesh (see fig. 3) 
77-M 
<Åh* he 
Fig. 3 
On the line h = h 
we have the condition u = u 
It follows that: 
or equivalently: 
Xe(t) = xe + V 
X (t+At) = X (t) + u At 
16 
The finite difference scheme (5o2) is applied to the mesh points 
internal to the region BMNC. The front trajectory is computed by 
means of the formula: 
VW = W + D<VAtn 
or 
V W ■ V W + D ( V <Mn-1 + Δΐη> 
This second formula has higher precision under the 
assumption that At * At 
* n n-1 
It is: 
XF = h F 
In fact, until the moment a particle X is reached by the front, 
we have: 
X(t) = χ = h. 
At is chosen in such a way that : 
X ( tn+1 ) " X ( t n ) = M = m 
Hence : 
Λ+ Ah Atn = pTt^J 
The finite difference scheme cannot be applied directly to 
the point adjacent to the front since we lack a point at the 
(n-1)-th level as shown in fig.4 
The value of X at point (x) can be determined by linear or 
quadratic extrapolation on line t = t .; in the same way 
17 
we obtain the values d?^ /„ at the points (θ) on line t = t « 
Then the finite difference scheme can be used in a totally 
implicit form with θ « 1. 
Another possibility is schematically shown in fig. 5 
Fig. 5 
The value of X at point (x) is extrapolated: 
Χ^η+ΐ/2> = X ^ J + »<*n> ~t 
X(t ) and u(t ) are relative to point (.) on line t = t . The 
values of α. +w 2 a* points (θ) are obtained by interpolation 
and the difference scheme is applied in a totally implicit formo 
The value of X("t .,) a"t the point adjacent to the front could 
be obtained by direct extrapolation: 
X < W = X<V +»(*η>Δΐη 
However, the results obtained in this way are not satisfactory 
since a pressure peak builds up behind the front. A possible 
explanation could be that with this direct extrapolation the 
values of X on the front and at the adjacent point are weakly 
related to the other values of X behind the front. This is un­
satisfactory on physical grounds since the hydrodynamic 
quantities on the front depend on the flow behind the fronte 
n+1 This drawback is avoided if P-j+w2 l s computed by means of the 
first equation (5o2) with the exception of the half-point near 
the front. For this we set: 
n+1 n+1 
Pp-1/2 ~ P F - 3 / 2 
18 
(see also Fig. 6) 
Fig. 6 
In this way a good connexion is reestablished between the 
value of X on the front and the values of X behind the front. 
The profile of ρ is slightly flattened behind the front but 
this loss of precision in the computation of ρ is progressively 
reduced since p, behind the front decreases as the time increases. 
A possible variation of the finite difference scheme (5«2) 
would be to consider the h-differentiation for t = t . and 
n+1 t = t ., together with suitable modifications for the two n-1 
points near to the front. 
Given X at time t . we can compute u,p,p,e. In order to 
determine D,u.,ρ.,p. on the front at time t . we use the 
Rankine-Hugoniot relations (conservation of mass and momentum 
only). 
PoD = p^D-u^ (5.3) 
P0D2 = Pl + p^D-Uj)2 (5.4) 
From these r e l a t i ons i t follows: 
P O D 2 = p 1 + PoD(D-V 
hence : 
D ■ 7± (5-5) 
o 1 
19 
Introducing th i s expression into (5.3) we obtain: 
'JL _ JL' U i = P A P 0 P, 
and, more specifically: 
»T-Ht-V ( 5 · 6 ) 
The sign - has been chosen since in (5o5) D is negative 
and ρ , p. positive. To conclude, on the front we have: 
Pi = ApY 
U1 = - ^ p i ( 
p 1 Ρ n„ κο 1 
'J 
^ ο ■i) 
Actually, we have three unknowns D u. p. and two equations 
given by the Rankine-Hugoniot conditions. A third relation is 
supplied by the characteristic equation along the C characteristic, 
However, to avoid the numerical difficulties connected with 
this last equation, it is better to find an approximate value 
for p. and to determine subsequently D, p., u. . 
p. is approximated with the formula: 
χη+1 ^n+l^n+1 
pi<w = p /L ( *^ Ah 
F being the h-index on the front. 
n+1 As already said, in case we choose to compute X™.. by 
iirect extrapolation it is best to set 
n+1 n+1 
Pp = Pp-3/2 
\i_-z/2 being computed with the first of equations (5.2). 
20 
The number of points to be considered increases with each 
iteration. In order not to increase unduly this number the 
step Ah can be periodically doubled, so that the corresponding 
number of points is halved. When Ah is doubled the (n-2)th 
time level must be substituted for the (n-l)th level. 
6. Liner-gas interaction 
Let t be the time at which the detonation front reaches 
the liner. If we take t as initial time we have then two 
hydrodynamic media which are going to interacto The initial 
state of the liner is uniform, the initial state of the gas 
is that defined by the flow behind the front at time t. 
We introduce the lagrangean coordinate h : 
X(h,t) Tyf1 
t) 
h ^ 1 1 f _,, ^ „ v „, H = "J- / , . Ρ(ξ,Όξ ν άξ + 
^1 po ;x(o,-^ 
1H-1 
•± Ι Ρ «V al ♦ * 
x being the eulerian coordinate at time t. 
Hence χ = χ for the liner and χ = X(h,t) for the gas. 
x« is the internal wall of the liner 
x. the interface liner-gas 
For χ < χ. ρ , ρ are relative to the liner and ρ = ρ 
For χ > χ. ρ is the density of the unreacted explosive 
and ρ the gas density at time t. 
In this case we have 
vf1 / x^ 1 
Ρ ξ dξ + vH o /_ κ * **"· vf1 pe ^ i 
(pÄ constant density of the unreacted explosive) 
21 
Hence for the gas we obtain the same h as defined by (3.I). 
h =5 χ both for the liner and the gas at time t = 0. 
is: 
The differential system to be solved, in lagrangean form, 
1 « J- Λ\ po W h 
X t = u 
u t = - 1 p f c 
e t - ■% p t 
(6.1) 
ρ = f ( p , e ) 
the boundary condi t ionsare 
Bo Γ Λ > ( 0 ) Ν 4 « ή [ (xfrtT] "1 
u = u e 
h = h, 
h = h 
This last condition can be substituted with the equivalent 
condition : 
ρ = 0 h = h e 
hg, h., h are respectively the values of h corresponding to 
the internal wall of the liner, the interface, the external 
boundary of the expanding gaso 
For h < h. we have the liner 
For h > h. we have the gas 
The state equation of the liner is: 
p(p,e) = pc(p) + ργ(ρ) (e - ec(p)) 
with 
6 1+3/3 
pc(p) = Σ a;j(p/p0K) 
22 
and e , p ) = / P ! ¿ i U = TL. 6 , 1 . , ( „ , ­ J 1 * 
OK PQK j = 1
 3 3 'OK' 
/ Ï 1 o d V d P 2 
Υ( P) = χ + o ­3 T 2 d p c / d p 
p 0 K i s t h e d e n s i t y a t a b s o l u t e t e m p e r a t u r e Τ = 0 and p r e s s u r e 
ρ = 0 . 
T h i s s t a t e e q u a t i o n i s d e r i v e d from t h e f o r m u l a e : 
E 
p ( p , T ) = p c ( p ) + P Y ( P ) C V ( T ­ T O + ^ ) 
E 
e ( p , T ) = e ( ρ ) + c (T­T + ­°­) 
The state equation of the gas is: 
Ρ = Ap (Y= 3) 
The differential system (6.1) is approximated with the 
following finite difference scheme: 
n+1 η η η „ η U.i "U.i .. _ _1_ /P,Ì+l/2"P,i-l/2 ^.1+1/2-^-1/2 
At - p0 ^  Ah + Ah 
Yn+1 vn X,1 "X,1 _ n+1 At - Uj 
,Χ^+Χ^ΚνΧ^-Χ11*1 Pn+1, ­ Ρ / Γ Ρ J+1V a­i a Ί pj+V2 - po/Ll2hj+i/2 J * J 
η 
n+1 η p .1+1/2 
e j + l / 2 " e j + l / 2 = r , n i 0 ^ p j + l / 2 ' p j + l / 2 f η « ( P j + l / 2 ) 2 
« n « n 
P-^.. /o - P-
Λ 
( 6 . 2 ) 
-J&+1 - / n+1 
P j + l / 2 * f ( p < 
n+1 j+1/2' ej+l/2 ,) 
η 
4j+l/2 
a2 η /„η n\ 
a Pj+i/2 ( u j+rV 
i f - j + 1 - j < « 
if V i - j > ° J 
23 
with the stability condition: 
it «A 
c 
q is the pseudo-viscosity term with a=2. 
The liner-gas interface should be coincident with a h-line 
of the mesh having integer index. Because the liner has greater 
density than the gas, it may be convenient to employ different 
steps A^h and A h in the liner and in the gas, A h being the 
greater. 
This change of step may be done in different ways. For instance, 
the step Ah in the gas can be lenghtened gradually. 
I t 
hi 
Fig. 7 
In this case the formulae of the finite difference scheme 
must be modified with regard to the gas, in order to take into 
account the fact that the intervals Ah are unequal. 
A second solution is schematically represented in fig.8 : 
the index of the interface 
L-Z *.-%<-* i-Vz L l+Vz C+1 ¿+3£ L+2 
Fig. 8 
L+5/2 
Given A-h and an odd integer (in the figure m=3) we define 
Agh = m Aeh 
and take m points after the i-th with step ^  Ah. The following 
24 
points are taken with step r· Ah. 
Cm f£ 
n+1 X, u, p, p, e, q are given on the n-th line. We compute X^ 
n+1 " and u. Ί for J 
j = ... i-2, i-1, i, i+1, i+2 , o o o 
The computation for each point is schematically represented by 
a triangle with the base on the n-th line, vertex on the (n+l)th 
line and continuous sides. The state equation is that of the 
liner or of the gas according to whether j ί 1/2 ƒ i. 
We then compute 
n+1 n+1 n+1 n+1 
Pj+1/2' ej±l/2' pj±l/2' qj±l/2 
(triangles with dashed sides) 
A criterion for the choice of m could be: 
p£ 
m = odd integer near to —-
pe 
( p° constant density of the unreacted explosive)o 
This criterion is based on the following considerations: 
From the definition of h it follows: 
hvdh = -J- X v dX = -f- dm po po 
m mass and ρΛ equal to p* or p° according to whether the 
particle X belongs to the liner or to the gaso 
For two contiguous layers of liner and gas we have: 
M e = p?he ^ 
Am = p° h v Ah 
g μβ g ""g 
It should be: 
Am. ot An. g nu
 α t 
25 
since the layers are contiguous. Also, for the same reason: 
* S 
Hence: 
"e % " 4 % 
7· Numerical results 
When ν = 0 we have the slab case. It is then possible to 
compare the exact solution as given by formulae (4*13).··(4·19) 
with the numerical solution obtained by means of the finite 
difference scheme. The exact and numerical solution at a given 
time are presented in Table 1 and 2. 
Table 3 gives the gas flow (cylinder geometry) behind the 
front at time t = t. 
Table 4 gives the trajectory of the two faces X¿ and X. 
of the liner. 
Tables 5 and 6 give the numerical results for two different 
times. 
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PLANE DETONATION » TAYLOR WAVE 
NH 217 
h 
9.000CE 00 8.98CCE 00 8.960CE 00 8.9U0CE 00 8.920CE 00 8.90CCE 00 8.880CE 00 8„860CE 00 8.8U0CE 00 8.82CCE 00 8.80CCE 00 8.78CCE 00 8o760CE 00 8.7U0CE 00 8.72CCE 00 8.700CE 00 8.680CE 00 8.66CCE 00 8.6UCCE 00 8o620CE 00 8.60CCE 00 8.58CCE 00 8.560CE 00 8.5UCCE 00 8.52CCE 00 8.500CE 00 8.U80CE 00 8.U60CE 00 8.UUCCE 00 8.U20CE 00 8.U00CE 00 8.38CCE 00 8.360CE 00 8.3UCCE 00 8.32CCE 00 8.300CE 00 8.28CCE 00 8.26CCE 00 8.2U0CE 00 8.220CE 00 8.200CE 00 8.18CCE 00 80I6OCE 00 8.1U0CE 00 8.12CCE 00 8.10CCE 00 8.08CCE 00 8.060CE 00 8.0UGCE 00 8.02CCE 00 80OOOCE 00 7.98CCE 00 7.960CE 00 7.9U0CE 00 7.92CCE 00 7.90CCE 00 7.88CCE 00 7„860CE 00 7.81+0ÏE σσ 7.820CE 00 7.800CE 00 7.78CCE 00 7.760CE 00 7.7UCCE 00 7.72CCE 00 7o70CCE 00 7.68CCE 00 7.66CCE 00 7.6UCCE 00 7o62CCE 00 7o60CCE 00 7.58CCE 00 7.5ÓCCE 00 7.5UCCE 00 7.52CCC 00 7.50CCE 00 7.U8CCE 00 7oU6CCE 00 7.UUCCE 00 7.U20CE 00 7.U0CCE 00 7.38CCE 00 7.36CCE 00 7.3UCCE 00 7.32CCE 00 7.30CCE 00 7.28CCE 00 7.26CCE 00 7.2UCCE 00 7.22CCE 00 7.20CCE 00 7.18CCE 00 7o16CCE 00 7„1UCCE 00 7.12CCE 00 7.10CCE 00 7o08CCE 00 7.06CCE 00 7.0UCCE 00 7.02CCE 00 7o00CCE 00 6.980CE 00 6.96CCE 00 6.9UCCE 00 6092CCE 6.90CCE 6088CCE . 6.8ÓCCE 00 6.8UCCE 00 
cc 
0 0 00 
Τ = 2 7000E-06 
1.0080E 01 9.7682E 00 9.6391E 00 9.5U00E 00 9.U565E 00 9.3829E 00 9.3163E 00 9.2551E 00 9.1982E 00 9.1UU7E 00 9.09U1E 00 9.0U60E 00 9.0000E 00 8.9559E 00 8.9135E 00 8.8725E 00 8.8329E 00 8.79U5E 00 8.7573E 00 8.7210E 00 8.6857E 00 8.6513E 00 8.6177E 00 8.58U8E 00 8.5526E 00 8.5212E 00 8.U903E 00 8.U600E 00 8.U303E 00 8.U011E 00 8.372UE 00 8.3UU1E 00 8.316UE 00 8.2B90E 00 8.2621E 00 8.2355E 00 8.209UE 00 8.1836E 00 8.1581E 00 8.1330E CO 8.1082E 00 8.0837E CO 8.0595E 00 8.0356E 00 8.0120E 00 7.988ÓE 00 7.9655E 00 7.9U26E 00 7.9200E 00 7.8976E 00 7.8755E 00 7.8535E 00 7.8318E 00 7.8103E 00 7.7890E 00 7.7679E 00 7.7U69E 00 7.7262E 00 7.7056E 00 7.6853E CO 7.6650E 00 7.6U50E 00 7.6251E CO 7.6Û5UE 00 7.5S58E 00 7.566UE 00 7.5U72E 00 7.5281E 00 7.5091E 00 7.U903E 00 7.U716E 00 7.U530E 00 7.U3U6E 00 7.U162E CO 7.308IE CO 7.3800E 00 7.3621E 00 7.3UU2E 00 7.3265E 00 7.3089E 00 7.2915E 00 7.27U1E 00 7.2568E CO 7.2396E 00 7.2226E 00 7„2056E 00 7o1888E CO 7.1720E 00 7.1553E 00 7.1398E OC 7o12.?3E 00 7.1059E 00 7.0396E CO 7o073UE 00 7.0573E CO 7.0U13E CO 7.0253E CO 7o009UE 00 6.9336E OC 6.9779E 00 6.9Ó23E CO 6.9U68E CO 6.9313E CO 6.9159E 00 6o9006E 00 6.3R53E CO 6.8701E CO 6eS550E 00 6.9U00E CO 
U.OOOOE 
3 .U226E 3 . 1 8 3 5 E 3 . 0 0 0 0 E 
2 . 8 U 5 3 E 2 . 7 0 9 0 E 
2 . 5 8 5 8 E 2 . U 7 2 5 E 2 . 3 6 7 0 E 
2 . 2 6 7 9 E 2 . 1 7 U 3 E 2 . 0 8 5 1 E 
2 . 0 0 0 0 E 1 . 9 1 8 3 E 
1 . 8 3 9 8 E 
1 . 7 6 3 9 E 1 . 6 9 0 6 E 1 . 6 1 9 5 E 
1 . 5 5 0 5 E 1.U83UE 
1.U180E 1 .35U2E 1 . 2 9 2 0 E 
1 . 2 3 Π Ε 1 . 1 7 1 6 E 1 . Π 3 2 Ε 1 . 0 5 6 1 E 10.C0OOE 9.UU95E 
8 . 9 0 8 7 E 8 . 3 7 7 2 E 
7 . 8 5 U 5 E 7 . 3 4 0 1 E 6 . 8 3 3 7 E 6 . 3 3 5 0 E 
5 . 8 U 3 5 E 5 . 3 5 9 0 E 
4 . 8 8 1 2 E U.U097E 
3 . 9 4 4 5 E 
3 . 4 8 5 2 E 3 . 0 3 1 5 E 2 . 5 8 3 4 E 
2 . 1 4 0 6 E 
1 . 7 0 2 9 E 1 . 2 7 0 2 E 
8 . 4 2 2 0 E U . 1 8 8 6 E - 1 . 9 5 3 1 E -
- U . 1 4 5 2 E - 8 . 2 U 8 3 E 
- 1 . 2 3 1 1 E 
- 1 . 6 3 3 3 E - 2 . 0 3 1 7 E - 2 . 4 2 6 4 E 
- 2 . 8 1 7 U E - 3 . 2 0 U 9 E - 3 . 5 8 9 0 E - 3 . 9 6 9 7 E - 4 . 3 4 7 1 E - U . 7 2 1 U E 
- 5 . 0 9 2 5 E 
- 5 . 4 6 0 6 E 
- 5 . 8 2 5 8 E - 6 . 1 8 8 0 E 
- 6 . 5 U 7 5 E - 6 . 9 0 U 2 E - 7 . 2 5 8 2 E 
- 7 . 6 0 9 5 E - 7 . 9 5 8 3 E - 8 . 3 0 U 6 E 
- 8 . 6 4 8 4 E - 8 . 9 8 9 8 E 
- 9 . 3 2 8 9 E - 9 . 6 6 5 5 E - l . O O O O E 
- 1 . 0 3 3 2 E - 1 „ 0 6 6 2 E - 1 . 0 9 9 0 E - 1 . 1 3 1 6 E 
- 1 . 1 6 U 0 E - 1 . 1 9 6 2 E - 1 . 2 2 8 1 E - 1 . 2 5 9 9 E 
- 1 . 2 9 1 5 E - 1 . 3 2 2 9 E - 1 . 3 5 U 1 E - 1 . 3 8 5 2 E - 1 . 4 1 6 0 E - 1 . 4 U 6 7 E - 1 . U 7 7 2 E - 1 . 5 0 7 6 E 
- 1 . 5 3 7 7 E - 1 . 5 6 7 9 E - 1 . 5 9 7 6 E - 1 . 6 2 7 3 E - 1 . 6 5 6 9 E 
- 1 . 6 8 6 2 E - 1 . 7 1 5 5 E 
- 1 . 7 4 4 6 E - 1 . 7 7 3 5 E - 1 . 8 0 2 3 E - 1 . 8 3 1 0 E 
- 1 . 8 5 9 5 E - l o 8 8 7 8 E - 1 . 9 1 6 1 E 
- 1 . 9 U U 2 E - L 9 7 2 2 E -2o0C00E 
05 
05 
05 05 
05 05 
05 05 05 
05 05 05 
05 05 
0 5 
05 05 0 5 
05 05 
05 0 5 05 
05 05 0 5 05 OU OU 
OU OU 
OU OU OU OU 
OU ou ou ou ou ou ou ou ou ou ou 03 
03 
-02 03 03 
OU 
OU OU OU 
OU OU OU Oh 
OU OU OU 
OU 
ou OU 
OU ou ou ou ou ou ou eu ou ou 0 5 
05 05 0 5 05 0 5 05 0 5 05 
05 05 05 05 05 0 5 05 05 
05 05 0 5 05 0 5 
05 05 
0 5 05 05 35 05 
05 0 5 05 
0 5 05 
■8.0C00E C5 
2 . U 2 3 5 E 08 6 . 8 5 U 6 E 03 U 2 5 9 3 E 09 1o9388E 09 2 . 7 0 9 5 E 09 3 . 5 6 1 7 E 09 UoU883E 09 5 .U836E 09 6 . 5 4 3 3 E 09 7 . 6 6 3 6 E 09 808UIUE 09 1.007UE 10 1 . 1 3 5 9 E 10 U 2 6 9 5 E 10 U 4 0 7 9 E 10 1 .5510E 10 1o69E7E 10 U 8 5 0 7 E 10 2 . 0 0 7 1 E 10 2 . 1 6 7 6 E 10 2 . 3 3 2 2 E 10 2o5007E 10 2o6732E 10 2 .8U9UE 10 3 . 0 2 9 3 E 10 3o2129E 10 3oU0C0E 10 3 . 5 9 C 6 E 10 3 . 7 8 U 7 E 10 3o9821E 10 U . 1 8 2 9 E 10 U .3869E 10 U.59U1E 10 4 . 8 0 4 5 E 10 5 . 0 1 8 1 E 10 5 . 2 3 U 6 E 10 5.U5U3E 10 5 . 6 7 6 9 E 10 5 .902UE 10 6 . 1 3 C 9 E 10 6 „ 3 6 2 2 E 10 6o596UE 10 6 . 8 3 3 U E 10 7 . 0 7 3 1 E 10 7 „ 3 1 5 6 E 10 7o56C8E 10 7 . 8 0 8 7 E 10 8 . 0 5 9 3 E 10 8o312UE 10 8 „ 5 6 8 2 E 10 8o8265E 10 9 . 0 8 7 U E 10 9o35C8E 10 9 „ 6 1 6 7 E 10 9o8850E 10 1 . 0 1 5 6 E 11 1.0U29E 11 1.07C5E 11 1 . 0 9 8 3 E 11 1 . 1 2 6 3 E 11 1.15U6E 11 1 .1831E 11 1 .2118E 11 1.2UC8E 11 1..27C0E 11 1.299UE 11 1 .3291E 11 1 .3589E 11 1ο3890Ε 11 1.U193E 11 1.UU98E Π U U 8 C 6 E 11 1 .5115E 11 U 5 U 2 7 E 11 1.57U1E Π 1o6057E 11 1 .6375E 1 1 .6695E Π 1 .7017E 11 1.73U1E Π 1 .7667Ε 11 1 .7995Ε Π 1 .3325Ε 11 1ο8657Ε 11 1 .8992Ε 11 1 .9328Ε 11 1 .9666Ε 11 2o00C6E 11 2o03U8E 11 2 .0Ó92E Π 2ο1033Ε 11 2 c l 3 8 5 E I 2 . 1 7 3 5 Ε 11 2 . 2 0 Ε 6 Ε 11 2.2UU0E 11 2ο2795Ε 11 2 . 3 1 5 2 Ε ' 2 . 3 5 Π Ε Π 2 . 3 8 7 2 Ε ' 2oU23UE 11 2 .U599E 11 2 .U965E 11 2=5323Ε 11 2o57C3E ' 2 , 6 0 7 5 Ε 11 2o6UU8E Π 2ο6823Ε 11 2o72C0E 11 
DH = 1 0 . 0 0 0 0 Ε - 0 3 
RH 
0. 2.1811Ε-01 3.08U5E-01 3.7778Ε-01 U.3622E-01 U.8771E-01 5.3U26E-01 5ο7707Ε-01 6.1691Ε-01 6.5U33E-01 6.8972Ε-01 7.2339Ε-01 7.5556Ε-01 7.86U1E-01 8.1609Ε-01 8.UU7UE-01 8.72UUE-01 8.9929Ε-01 9.2536Ε-01 9.5072Ε-01 9.75U2E-01 9.9951Ε-01 L0230E 00 loOUÓOE 00 1.0685Ε 00 1.0906Ε 00 1.1121Ε 00 1.1333Ε 00 1.15U1E 00 1.17U6E 00 1o19U6E 00 1.21UUE 00 1.2338E 00 1.2529Ε 00 1.2718Ε 00 1.290UE 00 1.3087Ε 00 1.3267Ε 00 1.3UU5E 00 1.3621Ε 00 1.379UE 00 1.3966Ε 00 1.U135E 00 1.U302E 00 1.UU68E 00 1.U631E 00 1.U793E 00 1.U953E 00 1.5111Ε 00 1.5268Ε 00 1.5U23E 00 1.5576Ε 00 1.5728Ε 00 1.5879Ε 00 1.6028Ε 00 1.6175Ε 00 1.6322Ε 00 
1«6U67£ 
I · ( 88 ,,όδΐΐ. 1.6753Ε 00 1.6895Ε 00 1.7035Ε 00 1.717UE 00 1.7312Ε 00 1.7UU9E 00 Ìo7585E 00 1.7719Ε 00 1.7853Ε 00 1.7986Ε 00 1.8118Ε 00 1.82U8E 00 1.8378Ε 00 1.8507Ε 00 1ο8635Ε 00 1.8763Ε 00 1.8889Ε 00 1.901UE 00 1.9139Ε 00 1.9263Ε 00 1.9386Ε 00 1.9508Ε 00 1.9630Ε 00 1.9751Ε 00 1.9871Ε 00 U9990E 00 2.0109Ε 00 2.0227Ε 00 2.03UUE 00 2.0U61E 00 2.0576Ε 00 2.0692Ε 00 2.0806Ε 00 2ο0920Ε 00 2.103UE 00 2.11U7E 00 2.1259Ε 00 2ο1370Ε 00 2.1U81E 00 2.1592Ε 00 2ο1702Ε 00 2.1811Ε 00 2ο1920Ε 00 2.2028Ε 00 2ο2136Ε 00 2o22U3E 00 2.2350Ε 00 2.2U56E 00 2.2561Ε 00 2ο2667Ε 00 
TABLE 1 
PLANE DETONATION * FINITE DIFFERENCE SCHEME 
NH = 217 2 6993E-06 D = -8„00U5E 05 DH = 10.0000E-03 
RH 
9.000CE 00 1.0080E 01 U.OOOOE 05 8.980CE 00 9.76U5E 00 3.37U6E 05 8.960CE 00 9.6361E 00 3.1U61E 05 8.9U0CE 00 9.5373E 00 2.9660E 05 8.92CÇE 00 9.U538E 00 2.8123E 05 8.90CCE 00 9.3303E 00 2.6755E 05 8.8300E 00 9.3138E 00 2.5522E 05 8.860ÇE 00 9.2526E 00 2.U395E 05 8.8U0CE 00 9.1957E 00 2.3335E 05 8.820CE 00 9.1U22E 00 2*23U9E 05 a.aoocE oo 9.0916E 00 2.IUIIE 05 8.7800E 00 9.0U35E 00 2105251 05 8.760CE 00 8.9975E 00 1.96A2E 05 8.7U00E 00 8.953UE 00 1.383UE 05 8.720CE 00 8.9110E 00 1.8062E 05 8.700CE 00 8.8701E 00 1.7315E 05 8.6800E 00 8.8305E 00 1.6575E 05 8.6600E 00 8.7921E 00 1.5858E 05 8.6U0CE 00 8.75U8E 00 1.5171E 05 8.620CE 00 8.7186E 00 1.UU97E 05 8.600ÇE 00 8.6833E 00 1.3836E 05 
i'ifSSP SS 8.6U89E 00 1.3210E 05 
8.560CE 00 8.6153E 00 1.2597E 05 8.5U0CE 00 8.582UE 00 1.2001E 05 8.520CE 00 8.5503E 00 1.1388E 05 8.500ÇE 00 8.5188E 00 1.0822E 05 8.U800E 00 8.U880E 00 1.02U3E 05 8.U60CE 00 8.U578E 00 9.6777E OU 8.UU0CE 00 8.U281E 00 9.1299E OU 8.U20CE 00 8.3989E 00 8.58U1E OU 8.U000E 00 8.3702E 00 8.0603E OU 8.380ÇE 00 8.3U20E 00 7.5U79E OU 8.3600E 00 8.31U3E 00 7.0326E OU 8.3U0ÇE 00 8.2870E 00 6.53U5E OU 8.3200E 00 8.2601E 00 6.03U5E OU 8.300CE 00 8.2336E 00 5.5U59E OU 8.2800E 00 8.207UE 00 5.0612E OU 8.2600E 00 8.1317E 00 U.5860E OU 8.2U00E 00 8.1562E 00 U.1318E OU 8.220CE 00' 8.1311E 00 3.6508E OU 8.2000E 00 8.106UE 00 3.1890E OU 8.1800E 00 8.0319E 00 2.7U81E OU 8.1600E 00 8.0577E OQ 2.3006E OU 8.1U00E 00 8.0339E 00 1.8626E OU 8.1200E 00 8.0102E 00 1.U266E OU 8.1000E 00 7.9869E 00 9.9811E 03 8.080CE 00 7.9638E 00 5.6156E 03 8.060CE 00 7.9U10E 00 1.U552E 03 8.0U00E 00 7.918UE 00 -2.7768E 03 8.0200E 00 7.8961E 00 -6.870UE 03 8.0gOOE 00 7.87U0E 00 -1.095UE OU 7.9800E 00 7.8521E 00 -1.U996E OU 7.9600E 00 7.830UE 00 -1.8965E OU 7.9U00E 00 7.8089E 00 -2.2882E OU 7.920CE 00 7.7876E 00 -2.6823E OU 7.9000E gg 7.7665E 00 -3.0692E OU 7.880CE 00 7.7U5ÓE 00 -3.U538E OU 7.360CE gg X-72U9E 00 -3.8U12E OU 7.8UggE gg 7.70UUE OO -U.2277E OU 7.82ÇgE gO 7.68U0E 00 -U.5931E OU 7.agggE gg 7.6639E oo -U.98IOE OU 7.7800E 00 7.6U39E 00 -5.3379E OU 7.7600E 00 7.62U0E 00 -5.7110E OU 7.7UO0E 00 7.60U3E 00 -6.067UE OU 7.7200E 00 7.58U8E 00 -6.U329E OU 7.7000E 00 7.565UE 00 -6.78Ί1Ε OU 7.680gE 00 7.5U62E 00 -7.1U33E OU 7.660CE gg 7.5271E 00 -7.U920E OU 7.6U00E 00 7.5082E 00 -7.8UU6E OU 7.62ggE 00 7.U89UE 00 -8.2005E OU 7.6000E 00 7.U707E 00 -8.5U36E OU 7.5800E 00 7.U522E 00 -8.8785E OU 7.5600E 00 7.U337E 00 -9.2273E OU 7.5U00E 00 7.U155E 00 -9.569UE OU 7.5200E 00 7.3973E 00 -9.8885E OU 7.5ggoE gg 7.3793ε oo -1.0231E 05 7.U800E gg 7.361UE 00 -1.0572E 05 7.U600E 00 7.3U36E 00 -1.0886E 05 7.UUggE 00 7.3259E 00 -1.12ΠΕ 05 7.U200E 00 7.308UE 00 -1.15U0E 05 7.U0Ç0E 00 7.2909E 00 -1.1879E 05 7.3800E 00 7.2736E 00 -1.218UE 05 7.360CE 00 7.2563E 00 -1.2U95E 05 7.3Ug0E 00 7.2392E 00 -1.2806E 05 7.32gCE gg 7.2222E OO -1.3139E 05 7.3000E 00 7.2053E 00 -1.3U59E 05 7.280CE gg 7.188UE 00 -1.3773E 05 7.2600E gg 7.1717E 00 -1.U061E 05 7.2UggE 00 7.1551E 00 -1.U3U3E 05 7.2200E 00 7.1385E 00 -1.U6UUE 05 7.200CE 00 7.1221E 00 -1.U972E 05 
7.18Q0E go 7.1057E OO -1.5299E 05 7.1600E 00 7.0895E 00 -1.5605Ε 05 7.1uggE go 7.O733E OO -1.5882E 05 7.1200E 00 7.0572E 00 -1.6133E 05 7.1000E 00 7.0U12E 00 -1.6392E 05 7.0800E 00 7.0252E 00 -1.6669E 05 7.0600E 00 7.009UE 00 -1.6978E 05 7.0U00E 00 6.9936E 00 -1.7310E 05 7.0200E 00 6.9779E 00 -1.7670E 05 7.0000E 00 6.9623E 00 -1.8031E 05 6.98C0E 00 6.9U68E 00 -1.8376E 05 6.9600E 00 6.931UE 00 -1.8679E 05 6.9U0CE 00 6.9161E 00 -1.8915E 05 6.9200E 00 6.9008E 00 -1.9067E 05 6.9000E 00 6.8856E 00 -1.9153E 05 6.8800E 00 6.870UE 00 -1.9186E 05 6.8600E 00 6.8552E 00 -1.9193E 05 6.8U00E 00 6.8U00E 00 -1.919UE 05 IBJOB VERSION 2, 7090 - PR - 929 
0. 2.U712E 6.7559E 1.2525E 1.9330E 2.702UE 3.55C3E U.U878E 5.U8U1E 6.5U17E 7.6520E 8.8U22E 1.0079E 1.1365E 1.2687E 1.U082E 1.5519E 1.6983E 1.8516E 2.0059E 2.1665E 2.3361E 2.5082E 2.6819E 2.8551E 3o0385E 3.223UE 3.U110E 3.6011E 3.7967E 3.9951E U.1997E U.U010E U.607UE U.820UE 5.0331E 5.2516E 5.U762E 5.6995E 5.9217E 6.15U2E 6.38U7E 6.62U0E 6.8583E 7.1012E 7.3U68E 7.59U8E 7.8U55E 8.0963E 8.3U99E 8.60U9E 8.86U8E 9. 1309E 9.3973E 9.6600E 9.9282E 1.0201E 1.0U76E 1.0756E 1.1035E 1.1319E 1.1603E 1.1890E 1.2172E 1.2U73E 1.2761E 1.3055E 1.3355E 1.36U8E 1.3959E 1.U275E 1.U570E 1.U882E 1.5203E 1.5508E 1.582UE 1.6152E 1.6U66E 1.6777E 1.7108E 1.7UU8E 1.7773E 1.8090E 1.8U13E 1.8769E 1.9121E 1.9U57E 1.9775E 2.0098E 2.0U32E 2.0802E 2.1180E 2.15U8E 2. 1873E 2.2178E 2.2U79E 2.2809E 2.3178E 2.3581E 2.U02UE 2.UU83E 2.U931E 2.53U3E 2.567UE 2.5908E 2.6039E 2.6102E 2.611UE 2.6118E 
03 03 09 09 09 09 09 09 09 09 09 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 11 11 11 11 11 11 11 11 η 11 11 11 11 11 11 1 1 11 11 11 11 11 11 
η 11 11 η η 
11 
η η 11 11 η η η 
11 η η η η η 11 η 11 η 11 n η η n 
11 
n 
88 
00 
0. 2.1953Ε-01 3.0697Ε-01 3.7710Ε-01 U.3579E-01 U.8728E-01 5.3369Ε-01 5.770UE-01 6.1693Ε-01 6.5U28E-01 6.8938Ε-01 7.23U1E-01 7.5568Ε-01 7.865UE-01 8.1592Ε-01 8.UU79E-01 8.7261Ε-01 8.9922Ε-01 9.2551Ε-01 9.505UE-01 9.7526Ε-01 1.0001Ε 00 1.02U0E 00 1.0U72E 00 1.0692Ε 00 1.0917Ε 00 1.113UE 00 1.13U6E 00 1.1553Ε 00 1.1758Ε 00 1.1959Ε 00 1.2160Ε 1.2351Ε 1.25U2E 1.2732Ε  1.2916Ε 00 1.3101Ε 00 1.3285Ε 00 1.3U63E 00 1.3636Ε 00 1.3812Ε 00 1.3982Ε 00 1.U155E 00 1.U320E 00 1.UU87E 00 1.U652E 00 1.U815E 00 1.U976E 00 1.513UE 00 1.5291Ε 00 1.5UU5E 00 1.5599Ε 00 1.5753Ε 00 1.5905Ε 00 1.6052Ε 00 1.6199Ε 00 1.63U6E 00 1.6U92E 00 1.6637Ε 00 1.6780Ε 00 1.6923Ε 00 1.7063Ε 00 1.7203Ε 00 1.7338Ε 00 1.7U79E 00 1.7613Ε 00 1.77U7E 00 1.7882Ε 00 1.8012Ε 00 1.81U7E 00 1.8283Ε 00 1.8U09E 00 1.8539Ε 00 1.8671Ε 00 1.8795Ε 00 1.8922Ε 00 1.9052Ε 00 1.9175Ε 00 1.9295Ε 00 1.9U21E 00 1.95U9E 00 1.9669Ε 00 1.9785Ε 00 1.9902Ε 00 2.0030Ε 00 2.015UE 00 2.0272Ε 00 2.0382Ε 00 2.0U92E 00 2.0605Ε 00 2.0728Ε 00 2.0853Ε 00 2.0973Ε 00 2.1078Ε 00 2. 1176Ε 00 2.1271Ε 00 2.1375Ε 00 2.1U89E 00 2.1613Ε 00 2.17U8E 00 2.1885Ε 00 2.2018Ε 00 2.2139Ε 00 2.2235Ε 00 2.2302Ε 00 2.23U0E 00 2.2357Ε 00 2.2361Ε 00 2.2362Ε 00 
TABLE 2 
CYLINDRICAL DETONATION 
NH = 261 Τ = 6.U8U2E-06 D = -8.0976E 05 
Ρ 
DH = 
RH 
2.0000E-02 
9.0000E 00 8.9U00E 00 8.8800E 00 8.8200E 00 8.7600E 00 8.7000E OÕ 8.6U00E 00 8.5800E 00 8.5200E 00 8.U600E 00 8.U000E 00 8.3U00E 00 8.2800E 00 8.220CE 00 8.1600E 00 8.1000E 00 8.0U00E 00 7.9800E 00 7.9200E 00 7.86Q0E 00 
7.80Õ0E 00 7.7UQ0E 00 7.6800E 00 7.620CE 00 7.5600E 00 7.5000E 00 7.UU00E 00 7.3800E 00 7.3200E 00 7.2600E 00 7.2000E 00 7.1U00E 00 7.0800E 00 7.O200E 00 6.9600E 00 6.9000E 00 6.8U00E 00 6.7800E 00 6.7200E 00 Ó.6600E 00 6.6000E 00 6.5U00E 00 6.U800E 00 6.U200E 00 6.3600E 00 6.3000E 00 6.2U00E 00 6.1800E 00 6.1200E 00 6.060CE 00 6.0000E 00 5.9UO0E 00 5.8800E 00 5.8200E 00 5.7600E 00 5.7000E 00 i :p|l ÎÎ 5.5200E 00 5.U600E 00 5.U000E 00 5.3U00E 00 5.2800E 00 5.220ÇE 00 5.160CE 00 5.1000E 00 5.0UOOE 00 U.9800E 00 U.9200E 00 U.8600E 00 U.8000E 00 U.7U00E 00 U.680CE 00 U.6200E 00 U.5600E 00 U.5000E 00 U.UUOOE 00 U.3800E 00 U.3200E 00 U.2600E 00 U.2000E 00 U.1U00E 00 U.0800E 00 U.0200E 00 3.9600E 00 3.9000E 00 3.8U00E 00 3.8000E 00 
1.159UE 01 1.0717E 01 1.0382E 01 1.012UE 01 9.9059E 00 9.7130E 00 9.538UE 00 9.3775E 00 9.2273E 00 9.0861E 00 8.9521E 00 8.82UUE 00 8.7021E 00 8.58U6E 00 8.U71UE 00 8.3619E 00 8.2558E 00 8. 1529E 00 8.0527E 00 7.9552E 00 7.8600E 00 7.7672E 00 
00 00 7.6763E 7.587UE 7.500UE 00 7.U150E 00 7.3312E 00 7.2U90E 00 7.1681E 00 7.0887E 00 7.0106E 00 6.9337E 00 6.8580E 00 6.783UE 00 6.7098E 00 6.637UE 00 6.5659E ' 6.U95UE 00 _ 00 6.U258E 00 6.3571E 00 6.2893E 00 6.2223E 00 6.1561E 00 6.0907E 00 6.0260E 00 5.9622E 00 5.8990E ' 5.8365E 5.77U7E 5.7136E 5.6531E 5.5933E 5.53U1E 5.U755E 5.U175E 5.3600E 5.3032E 00 5.2U69E 00 5.1912E 00 5.1360E 5.0813E 5.0272E U.9735E 00 U.920UE 00 U.8678E U.8157E U.76U1E U.7130E 00 U.6623E 00 U.6121E 00 U.562UE 00 U.5131E 00 
00 CO 00 00 00 00 00 00 00 00 
00 00 00 
00 00 00 
00 00 U.U6U3E U.U159E U.3680E 00 U.3206E 00 U.2736E 00 U.2270E 00 U.1809E 00 U.1353E 00 U.0900E 00 U.0U52E 00 U.0008E 00 3.9563E 00 
3.9133E 3.870UE 3.8280E 00 3.8000E 00 
00 00 
U.OOOOE 05 3.225UE 05 2.9897E 05 2.800UE 05 2.6U39E 05 2.5078E 05 2.38U9E 05 2.2720E 05 2.1663E 05 2.0662E 05 1.9690E 05 1.8789E 05 1.7917E 05 1.7069E 05 1.6265E 05 1.5U86E 05 1.U709E 05 1.3968E 05 1.32U7E 05 1.2537E 05 1.18U3E 05 1.1158E 05 1.0U98E 05 9.8351E OU 9.18U6E OU 8.5577E OU 7.9231E OU 7.29U8E OU 6.6725E OU 6.0809E OU 5.U796E OU U.8798E OU U.302UE OU 3.7127E OU 3.1331E OU 2.5632E OU 1.992IE OU 1.U320E OU 8.72U9E 03 3.0861E 03 -2.U056E 03 -7.921UE 03 -1.3362E OU -1.8767E OU -2.U085E OU -2.9521E OU -3.U793E OU -4.0133E OU -U.5333E OU -5.069UE OU -5.5913E OU -6.1070E OU -6.6322E OU -7. 1UU0E OU -7.6608E OU -8.1859E OU -8.7Q20E .O-U -9.202UE OU -9.7219E OU -1.02U5E 05 -1.07U8E 05 -1.12U8E 05 -1.1762E 05 -1.2275E 05 -1.2782E 05 -1.3275E 05 -1.3782E 05 -1.U289E 05 -1.U806E 05 -1.5310E 05 -1.5800E 05 -1.6296E 05 -1.678UE 05 -1.7290E 05 -1.7816E 05 -1.8331E 05 -1.8823E 05 -1.9317E 05 -1.9827E 05 -2.0333E 05 -2.0819E 05 -2.1286E 05 -2.1755E 05 -2.2203E 05 -2.2970E 05 -2.3709E 05 -2.U137E 05 -2.U259E 05 
0. 2.06C9E 08 6.5906E 08 1.255UE 09 09 09 2.01U1E 2.9065E . 3.93UUE 09 5.07U1E 09 6.3277E 09 7.7170E 09 9. 17U7E 09 1.07U5E 10 1.2U21E 10 1.U185E 1.6065E 1.8006E 2.007UE 2.2215E 2.UUUUE 2.676UE 2.9170E 3.1678E 3.U230E 3.6880E 3.9621E U.2376E U.5283E U.8279E 5.13U2E 5.UU66E 5.7668E 6.0918E 6.U237E 6.76U7E 7.1133E 7.U697E 7.8327E 8.1995E 8.5800E 8.9620E 9.3519E 9.7500E 1.0153E 1.056UE 1.0976E 1.1U06E 1.1833E 1.2271 E 1.2711E 1.3165E L3620E 1.U073E 1.U5U5E 1.5010E 1.5U90E 1.5983E 1.6U76E 1.6959E 1.7U62E 1.7981E 1.8U82E 1.8988E 1.9513E 2.00UUE 2.057UE 2.1092E 2.1629E 2.2168E 2.2727E 2.3273E 2.3808E 2.U3U9E 2.U886E 2.5U39E 2.6027E 2.6611 E 2.7162E 2.7713E 2.8266E 2.8862E 2.9U11E 2.9930E 3.0UUUE 3.1019E 3.1816E 3.2785E 3.3331E 3.3395E 
0. 2.066UE-01 3.0UUUE-01 3.7739E-01 U.U180E-01 U.9926E-01 5.5228E-01 6.0115E-01 6.U706E-01 6.9132E-01 7.3237E-01 7.7198E-01 8.1019E-01 8.U686E-01 8.8272E-01 9o169UE-01 9.5076E-01 9.83U3E-01 1.0153E 00 Ì.0U6UE 00 1.0769E 00 1.1069E 00 1.1359E 00 1.16U5E 00 1.1926E 00 1.2197E 00 1.2U69E 00 1.2738E 00 1.3002E 00 1.3261E 00 1.3516E 00 1.3765E 00 1.U011E 00 1.U25UE 00 1.UU95E 00 1.U733E 00 1.U968E 00 1.5198E 00 1.5U30E 00 1.5656E 00 1.5879E 00 1.6102E 00 1.6320E 00 1.6538E 00 1.6750E 00 1.6966E 00 1.7175E 00 1.738UE 00 1.7590E 00 1.7797E 00 1.7999E 00 1.8197E 00 1.8398E 00 1.8592E 00 1.8788E 00 1.8985E 00 1.9179E 0Û 1.936UE 00 1.955UE 00 1.97U6E 00 1.9927E 00 2.0107E 00 2.0291E 00 2.0U73E 00 2.0652E 00 2.082UE 00 2.1000E 00 2.1173E 00 2.13U9E 00 2.1519E 00 2.1682E 00 2.13U5E 00 2.2005E 00 2.2167E 00 2.2336E 00 2.2502E 00 2.2656E 00 2.2808E 00 2.296UE 00 2.3119E 00 2.3265E 00 2.5U01E 00 2.353UE 00 2.3631E 00 2.3882E 00 2.U122E 00 2.U256E 00 2.U271E 00 
0. 5.U215E 08 1.1U76E 09 1.7513E 09 2.3915E 09 3.0478E 09 3.72U8E 09 U.U093E 09 5. 10UUE 09 5.8213E 09 6.5281E 09 7.2U73E 09 7.9757E 09 8.7072E 09 9.U533E 09 1.0195E 10 1.0956E 10 1.1667E 10 1.2393E 10 1.3127E 10 1.3868E 10 1.U620E 10 1.5366E 10 1.6122E 10 1.6887E 10 1.7639E 10 1.8U15E 10 1.9199E 10 1.9985E 10 2.0771E 10 2.1562E 10 2.2351E 10 2.31U3E 10 2.39U3E 10 2.U7U7E 10 2.5557E 10 2.6369E 10 2.7178E 10 2.800UE 10 2.8823E 10 2.^6^6E 10 3.0U76E 10 3.130SE 10 3.21U1E 10 3.2966E 10 3.3817E 10 3.U65UE 10 3.5505E 10 3.63U9E 10 3.7205E 10 3.8053E 10 3.8886E 10 3.97UUE 10 U.0582E 10 U.1437E 10 U.2309E 10 U.3170E 10 UoU008E 10 U.UR73E 10 U.5757E 10 U.6602E 10 U.7UU9E 10 U.8322E 10 U.9195E 10 5.0061E 10 5.0901E 10 5.1766E 10 5.2627E 10 5o351UE 10 5.U373E 10 5.5210E 10 5.6051E 10 5.6R81E 10 5.7729E 10 5,8625Ε 10 5o9507E 10 6,0338E 10 6a116UE 10 6.2016E ÍO 6c2fl70E 10 6o3630E 10 60UUU3c 10 6o5196E 10 6o6032E 10 6.7171E 10 6.8535E 10 6.9316E 10 6,9U25E 10 
TABLE 3 
TABLE 4 
6o483 
6.765 
6o913 
7.005 
7.223 
7.390 
7.537 
7.701 
7 .83 
7.964 
8.104 
8.249 
8.402 
8.620 
8.857 
9.050 
9.257 
9.405 
9«642 
9o8l2 
1 .009 
I0O39 
I0O6O 
1 .082 
1.107 
1.138 
10 
II 
-6 
10 
1! 
- 5 
,201 
,246 
,271 
,292 
• 313 
1.337 
I.36O 
1.377 
1.398 
1.424 
1.451 
1.478 
1.504 
1.529 
1.553 
3.5 
3 .5 
3.490 
3.446 
3.349 
3.285 
3 o 234 
3.179 
3.137 
3.090 
3.037 
2.970 
2.890 
2.764 
2.628 
2.524 
2.420 
2.344 
2.223 
2 .133 
1 o 980 
1.802 
I .672 
I . 525 
1.348 
1.127 
6.742 10 
3.524 
2.507 
2.453 
2.670 
2.965 
3.224 
3.440 
3.694 
4 .173 
4 .957 
5.924 
6.910 
7o883 
8.883 
-1 
X. 
1 
3.8 
3.729 
3 o 706 
3.693 
3.659 
3o621 
3.574 
3.5IO 
3 Λ 5 3 
3.390 
3.326 
3.270 
3.213 
3.132 
3.037 
2 .953 
2 .857 
2.785 
2 .665 
2.576 
2.431 
2.291 
2o198 
2.097 
1.981 
1.841 
1.560 
1.365 
1.260 
1.181 
1 .104 
1.057 
1 .120 
1.193 
1.275 
I.39O 
1 .50 
1.591 
1.667 
1.730 
1.784 
ITER = 6CC Τ = ó o 7 ? U 3 E - 0 6 DT = 5 . 8 U 3 7 E - 1 0 
RH 
80 3UU6E-C2 U 7 6 8 9 E - C 1 2 . 6 5 3 U E - C 1 3 . 5 3 7 8 E - C 1 U o U 2 2 3 E - 0 1 50 3 0 6 8 E - 0 1 60 1912E-C1 7 . 0 7 5 7 E - G 1 7 o 9 6 0 1 E - 0 1 8 0 e U U 6 E - C l 9 . 7 2 9 1 E - C 1 
1 .061UE CO 
lo 1U9SE CO 1 . 2 3 8 2 E CO 
1 . 3 2 6 7 E 00 
1.U151E CO 1 . 5 0 3 6 E CO 1o5920E CO 
1 .6805E CO 1 . 7 6 8 9 E 00 l o 8 5 7 U E CO 
1.9U58E CG 2 .C3U3E 00 
2 . 1 2 2 7 E CO 2 . 2 1 1 IE CO 2 . 2 9 9 6 E CO 2 . 3 8 8 Û E 00 2 . U 7 6 5 E CO 2 . 5 6 U 9 E CO 2 . 6 5 3 U E CO 2 . 7 U 1 8 E CO 2 . 8 3 0 3 E CO 2 . 9 1 8 7 E CO 
3 . 0072E 00 3 . 0 9 5 6 E CO 3 . 1 8 U 1 E CO 3 . 2 7 2 5 E CO 3 . 3 6 0 9 E CO 3 . U U 9 U E 00 3 c 5 3 7 8 E CO 3 . 6 2 6 3 E OO 3 . 7 1 U 7 E 00 3 . 8 0 3 2 E CO 3 . 8 9 1 6 E 00 3 . 9 8 0 1 E CO U.G685E CO Uo 1570E CO U.2U5UE 00 
U . 3 3 3 9 E 00 
U.U223E CO 
U .5107E CO U .5992E 00 U.86U5E 00 5 . 1299E CO 
5 . 3 9 5 2 E 00 5. 6606E 00 5 . 9 2 5 9 E 00 
6 . 1 9 1 2 E CO 6 . U 5 6 6 E 00 6 . 7 2 1 9 E CO 6 . 9 8 7 3 E 00 7 . 2 5 2 6 E 00 7 . 5 1 7 9 E CO 7 . 7 8 3 3 E CO 8 . 0 U 8 6 E 00 8 . 3 1 U 0 E 00 
8 . 5 7 9 3 Έ 00 
8o8UU6E CO 
9 . 1 1 0 0 E OO 
9 . 3 7 5 3 E 
9 . 6 U 0 7 E 
9o9060E 
1 . 0 1 7 1 E 01 
1 .0U37E 01 
1 . 0 7 0 2 E CI 
1 .C967E Cl 
I . 1233E CI 
U 1U98E CI 
lo 1763E 01 
1 .2029E CI 
1.229UE CI 
1 . 2 5 5 9 E 01 
1 .2825E CI 
1 .3090E 01 
1 .3355E CI 
1 . 3 6 2 1 E CI 
1o3886E 01 
l o U 1 5 1 E CI 
1.UU17E CI 
1oU682E CI 
1oU9U7E CI 
1 .5213E CI 
cc°o co 
3.5001E 3o50C6E 3.50ΠΕ 3.5021E 3.5031E 3o50U6E 3.5061 E 3.5081E 3.51C1E 3.5126E 3.5151E 3.5181 E 3,5211 E 3o52U?E 3.528CE 3o5320E 3S5359E 3.5U03E 3.5UU7E 3.5U93E 3.55U0E 3.5588E 3.5636E 3.568UE 3.5732E 3.578CE 3.5828E 3.5376E 3.5924E 3.5973E 3.6022E 3.607UE 3=6126E 3.6182E 3.6239E 3o6299E 3.6359E 3.6U22E 3.6U.85E 3.6552E 3.6618E 3.6688E 3.6757E 3.6832E 3.6906E 3.6987E 3.7067E 3.7155E 
3.72U3E 
3o762CE 
3.7997E 3.375UE 3.9512E U.0375E U.1239E U.2203E U.3167E U.U221E U.5276E Uo6380E U.7U8UE U.8631E U.9778E 5.0971E 5.2163E 5.3U05E 5.U6U7E 5.59U2E 5.7238E 5.8592E 5.99U6E 6o1367E 6o2788E 
6.U283E 6.5779E 6.7363E 6o89U6E 7.063UE 7.2322E 7.U139E 7.5955E 7.7935E 7.9916E 8.2118E 8.U321E 3.63U9E 8.9376E 9o2U57E 9.5538E 9o9975E 1.0UU1E 1.1718E 
00 00 00 00 00 00 0 0 00 00 00 0 0 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 oo 00 00 0 0 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 
00 
00 
00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 OÛ 00 00 00 0 0 00 00 00 00 00 00 00 00 00 00 0 0 00 01 01 
2oC3U8E 01 7 . 2 8 5 5 E OC 3oU919E 01 
U 9 U 1 7 E 01 3o9137E 00 
2=,1557E 01 
3o9199E 01 
3o2817E 01 
2„,6U3UE 01 
2 c U C 2 1 E CI 2 . 1 6 0 9 E 01 2 , C 8 9 8 E 01 2„ C187E 01 U 9 1 7 8 E 02 
3 3 6 3 3 8 E 02 2o 1U22E 03 
3o9210E 03 1c2097E OU 2 . 0 2 7 3 E OU 3 0 Ó 9 5 9 E OU 5 o 3 6 U 5 E OU 7 . 6 6 6 1 E OU 
9 „ 9 6 7 8 E OU U253UE 05 510 IE 05 7U86E 05 . 9872E 05 
2 16U3E 05 2o3U1UE 05 ­2oU226E 05 
- 2 o 5 0 3 8 E 05 ­2cU6C6E 05 - 2 . U 1 7 5 E 05 -2=3346E 05 
- 2 . 2 5 1 3 E 05 - 2 . 2 3 6 0 E 05 - 2 „ 2 2 0 2 E 05 - 2 c 2 3 0 2 E 05 - 2 - 2 U 0 2 E 05 
-2o2358E 05 - 2 o 2 3 l U E 05 - 2 , 1 9 2 7 E 05 -2o 1539E 05 - 2 c 0 6 8 9 E 05 
-1o9839E 05 
-1o8770E 05 
- 1 . 7 7 0 0 E 05 - 1 , 7 1 0 8 E 05 
- 1 . 6 5 1 5 E 05 
■ U 2 7 8 9 E 05 
- 9 . C 6 2 2 E OU -801U58E OU - 7 . 2 2 9 5 E OU • 8 . 3 1 9 7 E OU ■9.U099E OU - 1 c 1 7 3 7 E 05 
■1oU06UE 05 
■1.U1U7E 05 
■1oU230E 05 ■1 .3090E 05 ■1 .1950E 05 
- 1 . 0 7 9 3 E 05 
-9o6369E OU 
■8o5017E OU - 7 . 3 6 6 6 E OU - 6 . 2 5 6 0 E OU 
­5o1U5UE OU 
­ U o 0 3 5 6 E OU 
- 2 , 9 2 5 8 E OU - U 8 1 7 2 E OU •7o0858E 03 U.171UE 03 1.5U29E OU 2 . 6 7 9 8 E OU 3o8168E OU U o 9330E OU 6 . 1 U 9 1 E OU 7 . 3 5 5 8 E OU 8o5625E OU 9o8291E OU Ι» 1096E 05 1.2UUUE 05 1 . 3 7 9 2 E 05 1o5273E 05 1.675UE 05 1.8U25E 05 2oOC96E 05 2o2109F. 05 
2oU122E 05 2o7030E 05 
2 0 9 9 3 9 E 05 UoOOOOE C5 
8o930UE 00 
00 
00 
8 .930UE 8 . 9 2 9 9 E . 8 . 9 2 9 5 E 00 8o9296E 00 8 0 9 2 9 7 E 00 8o9298E 00 8 . 9 2 9 9 E 00 8o9300E 00 8 . 9 3 0 0 E 00 809301 E 00 809301 E 00 8 . 9 3 1 1 E 00 8 . 9 3 2 0 E 00 8 .9UU1E 00 8 . 9 5 6 1 E 00 9 0 C261E 00 9»C971E 00 9 . 2 8 1 7 E 00 9 .U7U0E 00 9 „ 7 7 U 7 E 00 U 0 O 9 5 E 01 1 .0U90E 01 1 .C917E 01 1 .1362E 01 1 .18U5E 01 1 . 2 2 6 1 E 01 1o2707E 01 1 .2991E 01 1 . 3 2 8 8 E 01 1 .3336E 01 U 3 3 3 5 E 01 1 .3228E 01 1 . 3 0 7 5 E 01 l o 2 9 8 U E 01 1 . 2 8 9 5 E 01 1 . 2 9 0 2 E 01 1 . 2 9 0 9 E 01 1.291UE 01 1 .2919E 01 L 2 8 7 U E 01 1 .2829E 01 1 . 2 6 9 1 E 01 1 . 2 5 5 6 E 01 1 . 2 3 1 7 E 01 1 . 2 0 8 7 E 01 1 .130UE 01 1 .153UE 01 
U.UU82E 00 
2.755UE 00 2.7789E 00 2.8029E 00 3.2626E 00 3.9029E 00 3.79U5E 00 3.6920E 00 3.6057E 00 3.5233E 00 3.5032E 00 3.U33UE 00 3.U665E 00 3.UU97E 00 3.U23UE 00 3.397UE 00 3.361UE 00 3.3262E 00 3.2817E 00 3o238UE 00 3.1859E 00 3.1350E 00 3.0738E 00 3.C150E 00 2.9U60E 00 2.8801E 00 2o8021E 00 2.7282E 00 2.6U07E 00 2.5587E 00 2.U607E 00 2.3700E 00 2.2597E 00 2.1592E 00 2.0328E 00 1.920UE 00 1.7728E 00 1.6U62E 00 1.U6U1E 00 1.3182E 00 1.05U1E 00 8.7322E-01 8o7822E-01 
Oo 
ï-, 0000E 06 5 . 9 U 7 8 E 07 1*OOOOE 06 1.-, OOOOE 06 I r OOOOE 06 Κ· 0000 E 06 1,OOOOE 06 1 OOOOE 06 1 OOOOE 06 leOOOOE 06 lo 1188E 07 2 , U 3 8 9 E 07 1c7U5UE 08 3»2U68E 08 2 * 2 3 5 5 E 09 U,1U6UE 09 U 5 8 8 3 E 10 
2 ο 7 6 2 ΰ Ε 10 
6 , U 1 2 0 E 10 
K-0062E 1 
U 7 7 1 U E 1 
2o5366E 1 
3 , 8 U 2 6 E 1 
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